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义。本研究将MAPK互作激酶（MAP kinase-interacting kinase, MNK）、胰岛素相
关多肽受体（Insulin-related peptide receptor, IRR）和成纤维细胞生长因子


























































































         
         
The small abalone, Haliotis diversicolor is an important abalone species in
southern China. Studying on the growth-related genes, analyzing the expression
patterns of these genes and identification of growth traits-associated SNPs would
benefit our understanding in the molecular mechanisms underlying H. diversicolor
growth traits, and also provide useful information for breeding fast growth abalone
new variety. In this study, 3 growth-related candidate genes were cloned and
function of the 3 genes were studied by real-time qRT-PCR and the whole mount
in situ hybridization. The single nucleotide polymorphisms (SNPs) in the 3 genes
were screened through high-throughput sequencing and genotyped in a
Japanese group of H. diversicolor. The association of these SNPs with growth
traits and gene expression levels were analyzed. This study will provide important
information to our understanding of marker-assisted selection breeding in H.
diversicolor. The main results are as follows.
1. The DNA and full-length cDNA sequences of MAP kinase-interacting kinase
(MNK) were cloned. The full-length of MNK cDNA sequence is 3576 bp, and the
predicted open reading frame is 1413 bp long. The DNA sequence is 3942 bp
long and consists of 6 exons and 5 introns. Analysis of expression of MNK at
different developmental stages and in different adult tissues revealed that
transcripts of MNK were detected in all of the different developmental stages and
the adult tissues. Higher expression levels were detected in fertilized eggs, 2-cell
embryos, gastrulae and early trochophore in egg membrane. In the adult H.
diversicolor, the highest expression level of MNK was detected in the testis, and
the expression level of gill was the lowest. The MNK spatial expression profile of
mRNA was detected from gastrulae to peristomial larva stages by the whole
mount in situ hybridization. MNK mRNA was probably located in the shell gland in













veliger larvae. When developed to the late veliger larvae, MNK mRNA was
detected in the visceral mass and the mantle, and in the peristomial larva the
MNK located remarkably in the digestive gland, the gill and the foot. The result of
the high-throughput sequencing in 6 exons of MNK showed that 5 SNPs were
related to growth traits. The SNP A1748C showed significant association with
growth traits including shell width, shell weight, body weight and foot weight
(P<0.05). H. diversicolor with genotype CC and AC had significantly higher growth
traits values than those with genotype AA. An expression analysis detected
higher MNK transcripts in the mantle and foot of H. diversicolor with genotype CC
compared to those with genotype AA. Our results suggested the allele C of
A1748C would promote the growth of foot and shell.
2. The full-length cDNA and partial DNA sequences of insulin-related peptide
receptor (IRR) gene were obtained. The full-length of IRR cDNA sequence is
5723 bp, and the predicted open reading frame is 3054 bp long. The partial DNA
sequence contains 18 exons. Expression analysis revealed that IRR transcripts
were detected in each sampled developmental stages (fertilized eggs, 2-cell
embryos, gastrulae, early trochophore in egg membrane, trochophore, early
veliger larvae, mid veliger larvae late veliger larvae and peristomial larvae),
among which higher expression levels of IRR were detected in the stages before
trochophore larvae than those after the trochophore larvae. IRR mRNA was also
detected in all the tissues analyzed, including gill, mantle, hepatopancreas,
haemolymph, foot, testis and ovary, with the highest expression level in testis and
the lowest expression level in ovary. The IRR spatial expression profile of mRNA
was detected from gastrulae to peristomial larva stages by the whole mount in
situ hybridization. IRR mRNA was probably located in the shell gland in the early
veliger larvae stage. In the middle veliger larvae stage, mRNA of IRR was
distributed in the areas of visceral mass and shell. To the late veliger larvae













developed to peristomial larva, IRR mRNA was detected in the mantle and the
foot. The result of the high-throughput sequencing in 18 exons of IRR showed
that 17 SNPs were related to growth traits of H. diversicolor. Among these SNPs,
8 SNPs were significant association with all growth traits of H. diversicolor, and
the rest were associated with one or several growth traits. We choosed the SNP
A2198T which was significant association with the foot weight and shell traits, and
then analyzed the expression level of IRR in the foot and mantle of the three
genotypes. The result showed that the individuals with genotype AA and AT had
significantly higher growth traits values than those with genotype TT, and an
expression analysis detected higher IRR transcripts in the mantle and foot of H.
diversicolor with genotype AA and AT compared to those with genotype TT
(P<0.05).
3. The full-length cDNA and partial DNA sequences of fibroblast growth factor
receptor (FGFR) gene were obtained. The full-length of FGFR cDNA sequence is
5059 bp, and the predicted open reading frame is 3729 bp long. The partial DNA
sequence contains 23 exons. Expression of FGFR was detected in all
developmental stages and tissues examined. Higher expression level of FGFR
was in fertilized eggs, while after the stage of 2-cell embryos, the expression level
began to fall down. When developed to peristomial larva, the expression quantity
reached to the highest level. Among adult tissues, mantle and gill showed
significantly higher FGFR expression level than the other five tissues. The result
of the high-throughput sequencing in 23 exons of FGFR showed that 21 SNPs
were related to growth traits of H. diversicolor. We choosed the SNP T15641G
which was significant association with the growth traits of shell, and then analyzed
the expression level of FGFR in the mantle of the three genotypes by qRT-PCR.
The result showed that the individuals with genotype TT and TG had significantly
higher growth traits values than those with genotype GG, while the lower













with genotype TT and TG compared to those with genotype GG (P<0.05). Our
results suggested the negative regulatory function of FGFR in H. diversicolor shell
growth.
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